Shandong is a typical region in northern China that is experiencing a serious shortage of water resources. To tackle the water resources shortage, Shandong is striving to develop alternative water resources, in addition to efficiently utilizing regular water resources, of which, the utilization of reclaimed water plays a major role. However, the successful implementation of the reclaimed water projects heavily depends on public perception and a positive public attitude toward reclaimed water.
INTRODUCTION
Despite this progress, the development of reclaimed water use in Shandong is growing slowly, and it is underutilized. Many factors affect the use of reclaimed water, among which a fairly important one is public knowledge and acceptability of reclaimed water (Hartley ; Hurlimann & Dolnicar a) . No water policy can play a major role if there is public resistance toward its adoption.
For example, in 1994, San Diego, California, USA, suggested treating municipal wastewater with advanced technologies, such as coagulation-precipitation and microfiltration, to reuse the treated water as a part of the urban water resource.
Although the suggestion was favored by technical experts and approved by the California Department of Health Services, the program was never implemented due to public opposition and surrounding controversy (Hartley ) .
Another reported example is the case of Toowoomba, Australia. In 2006, the Toowoomba government planned to implement an indirect potable wastewater reuse scheme to supply additional water to the city, and the residents in Toowoomba were invited to vote on a referendum concerning whether the scheme should be implemented. After intense campaigning on both sides of the referendum debate, Toowoomba residents voted against the proposal, and the plan failed to materialize (Hurlimann & Dolnicar a) .
Reclaimed water use in other developed countries has also faced similar challenges (Hurlimann & 
MATERIALS AND METHODS

Sociodemographic characteristic of the respondents
The survey was carried out by interviewing respondents residing in Shandong province, face to face. in 2016. Four surveys were organized to cover 13 of the 17 cities in Shandong province based on locations and population characteristics. Figure 1 shows the geographical locations of these 13 cities. For each city, the number of respondents was arranged to be 200, and in total, 2,600 persons participated in the survey. This number is comparable to the survey sample number adopted in prior studies, such as over 300 were provided for respondents to choose in this study.
Before interviewing, we carried out a pre-test to determine the reliability of the questionnaire. A simple analysis
indicates that the contents in the questionnaire are consistent and can provide valid and reliable information (Gu et al. ) . During the interview, we patiently and neutrally explained the meaning of each question and answer to the respondents so that they could answer the questions clearly and precisely, as they intended to. For each question, the respondents could choose only one answer from the provided answer choices.
Data analysis
All survey data were tabulated in Excel software and SPSS software was further adopted to statistically analyze the data. To effectively estimate the average degree of acceptability of the respondents toward using reclaimed water 
( 1) where S i1 , S i2 , S i3 , and S i4 are the number of respondents choosing the first ('Completely accept'), the second ('Accept'), the third ('Unacceptable'), and the fourth ('No comment') answers, respectively. Here, Equation
(1) provides a quantitative estimation of the public's awareness toward reclaimed water use and is used only in this study as a basis for comparing different degrees of acceptability toward using reclaimed water for various purposes.
RESULTS AND DISCUSSION
The public's knowledge of water resources in Shandong 
Public receptivity toward reclaimed water
Respondent answers to questions about using reclaimed water for 12 purposes are summarized in The relationship between sociodemographic background and knowledge of water resources People with other occupations are the most knowledgeable about the area in which sewage is primarily discharged among all respondents, whereas unemployed people and official and institutional workers are the least likely to know.
Additionally, unemployed people are the most willing to use reclaimed water in daily life among all respondents, whereas official and institutional workers show the least willingness. There are no large differences among the other four occupational groups. Figure 8 illustrates the relationship between monthly income of the respondent and their knowledge of water resources in Shandong. It could be found that the higher the income of the respondent, the more knowledgeable they are about the main water source in Shandong, except for the higher income group that earns more than 8,000 RMB.
With respect to the biggest water user, in terms of the three groups of 2,000-4,000 RMB, 4,000-6,000 RMB, and 6,000-8,000 RMB, the people with high monthly incomes are more knowledgeable. Regarding the present condition of the water shortage, there is an evident trend in which respondents with a higher monthly income are more conscious of the serious water shortage in Shandong. For the largest sewage source, mid-income respondents (4,000-6,000 RMB) are the most knowledgeable among all people, followed by people with incomes higher than 8,000 RMB, with those people with incomes of 2,000-4,000 RMB being the least likely to know. When asked the area in which sewage is primarily discharged, people with incomes higher than 8,000 RMB are the most knowledgeable among all respondents, whereas mid-income people (4,000-6,000 RMB) are the least knowledgeable, and there are no obvious differences among the other three monthly income groups. Additionally, lower income people (<2,000 RMB) are the most willing to use reclaimed water in daily life, followed by low-income people (2,000-4,000 RMB), with other respondents showing almost the same degree of willingness.
The relationship between sociodemographic background and attitude toward the use of reclaimed As shown in Figure 9 , females are more willing to accept all reclaimed water applications than males, except for firefighting and industry cooling water use, for which males show a larger willingness than females. Older people (41-50 years and >51 years) are much more resistant to using reclaimed water for road dust flushing than mid-aged (31-40 years) and young (21-30 years)
people. It could be observed that the older the respondent, the more unlikely they are to accept using reclaimed water for landscape environment use, except for the age group younger than 20 years. For the purposes of firefighting, car washing, and fountains, in terms of the three age groups of 21-30 years, 31-40 years, and 41-50 years, the older the respondent, the weaker their receptivity toward reclaimed water, except for the age group younger than 20 years and the group older than 51 years. Regarding industrial cooling water use, it could be found that the older the respondent, the higher their willingness, except for the age group of 21-30 years.
It can be concluded from Figure 11 that the educational level of the respondent is moderately related to their receptivity toward reclaimed water uses. There is an obvious trend that the higher the educational level of the respondent, the greater their willingness for using reclaimed water for toilet flushing and firefighting. This trend holds for the three reclaimed water purposes of road dust flushing, landscape environment use, and car washing, except for people holding a masters or doctorate degree. Regarding the two purposes of fountain and industrial cooling water, people with high educational levels (undergraduate and masters or doctorate) show a greater interest than people with low educational levels (high school and associate degrees).
The relationship between the occupation of the respondent and their receptivity toward reclaimed water uses is demonstrated in Figure 12 . Official and institutional workers are the most willing to use reclaimed water for all applications among all occupational groups. Self-employed people show the least interest in accepting reclaimed water for toilet flushing and road dust control among all respondents. Those people with other occupations express the most resistant attitude toward using reclaimed water for landscape environment use, firefighting, fountains, and industry cooling water among all occupational groups. Figure 13 shows the relationship between the monthly income of the respondent and their receptivity toward reclaimed water uses. There is a slight trend in which respondents with higher monthly incomes are more likely to accept using reclaimed water for toilet flushing, except for the mid-income group of 4,000-6,000 RMB. Higher income people (higher than 8,000 RMB) show the highest willingness toward reclaimed water use for road dust flushing among all respondents, and there are no large differences among the other four groups. There is an obvious trend in which respondents with higher monthly incomes have stronger receptivity to landscape environment use, except the high-income group of 6,000-8,000 RMB. For firefighting use, high-income people (6,000-8,000 RMB and >8,000 RMB) are much more willing to accept reclaimed water than other people (<2,000 RMB, 2,000-4,000 RMB, and 4,000-6,000 RMB). For use in car washing, higher income people (>8,000 RMB) express the greatest willingness among all respondents, followed by the group with an income of 2,000-4,000 RMB and the group with an income of 6,000-8,000 RMB, with mid-income people (4,000-6,000 RMB) showing the least interest. It could be found that mid-income (4,000-6,000 RMB) and highincome (6,000-8,000 RMB and >8,000 RMB) people are more interested in accepting reclaimed water for fountains than low-income people (<2,000 RMB and 2,000-4,000 RMB). It is an obvious trend that respondents with higher monthly incomes are more willing to accept using reclaimed water for industrial cooling water. water, we also suggest an a priori group for knowledge dissemination and experience education in order to improve public receptivity toward reclaimed water, as also shown in water price adjustment is needed, and a rational, cost-justified price structure is necessary so that the demands of tap water and reclaimed water can be balanced. Based on the analysis results (not presented here), official and institutional males older than 51 years with monthly incomes of 4,000-8,000 RMB are the a priori group that has the most willingness to pay for sewage treatment and accept water price adjustment, as presented in the last two rows of Table 6 . Thus, it could be suggested that the change in water price policy should focus on these people in order to increase public receptivity toward paying for sewage treatment and water price adjustments.
Conclusions
In this study, a survey was employed to examine public perception, knowledge of water resources, and attitude toward use of reclaimed water in Shandong. Based on the survey results, some concluding remarks were obtained as follows.
Although most people can correctly identify the largest sewage source, most of them do not correctly know the main water source, the biggest water user, and the area in which sewage is primarily discharged. Most people (63.73%) know that Shandong is experiencing a water shortage; however, only a small number (9.15%) realize that there is a severe water shortage. Although most of the respondents (63%) realize the benefits of using reclaimed water, the majority (69%) do not use it in daily life.
In general, the public can be positively receptive toward using reclaimed water for various purposes. The respondents are more willing to use reclaimed water for toilet flushing, road dust flushing, landscape environment purposes, and firefighting, followed by car washing, fountains, and industrial cooling. In contrast, they are more concerned about reclaimed water in agricultural irrigation, domestic non-potable water, groundwater recharge, and supplementing rivers/lakes. In particular, the public receptivity toward using reclaimed water for domestic potable water is the lowest.
A graphical analysis was employed to investigate the relationship between the sociodemographic background of the respondent and their knowledge of water resources and attitude toward reclaimed water uses in Shandong.
The results indicate that older people and people with a higher educational level are more willing to accept the use of reclaimed water.
Based on the analysis, this study puts forward an a priori group as a target for the dissemination of professional knowledge and education activities to increase public knowledge of water resources and improve public attitude toward the use of reclaimed water in Shandong. In general, to increase public knowledge of water resources, the a priori group includes males who have a masters or doctorate degree and a monthly income higher than 8,000 RMB. To improve public receptivity toward the use of reclaimed water, the a priori group includes official and institutional workers (aged 21-30) who have an undergraduate education level and a monthly income higher than 8,000 RMB. Finally, official and institutional males (older than 51 years) who have a monthly income of 4,000-8,000 RMB could be suggested to be the a priori group for the change in water price.
Constructions of WWTPs and water reclamation plants develop rapidly in Shandong, producing a large amount of reclaimed water for various needs. The utilization of reclaimed water is playing an increasingly important role in addressing the deficiency of water resources in Shandong.
However, the successful advancement of using reclaimed water heavily depends on public perceived knowledge about water resources and positive public attitude toward the use of reclaimed water. This study can provide policymakers with current information on the public's knowledge of water resources and the public attitude toward the use of reclaimed water in Shandong. Furthermore, this study puts forward an a priori group as the target for the dissemination of professional knowledge and education activities to increase public knowledge and improve public attitude toward reclaimed water in Shandong. The study can also be a valuable reference for other regions of China and developing countries facing similar advancements in the development of reclaimed water.
